Abstract. This paper considers axially symmetric goal of thermoselasticity for a fixed rigid circular multi-layer isotropic plate with nonstationary heat flows on its front faces. The mathematical model is presented in the form of a not self-adjoint system that includes differential motion equations and a linear equation of the thermal-elastic state in a three-dimensional model. A new closed solution in an unconnected setting is built by the method of finite integral transformation. At the same time, a standardization procedure is conducted at each stage of the solution, which allows to implement an appropriate conversion algorithm. The calculated ratios provide an opportunity to perform a qualitative and quantitative analysis of the associated temperature and mechanical fields and also to examine stress-strain behaviour of the multi-layer systems both under the local thermal shock, which is observed, for example, in the interaction with the laser beam and in the case of uneven unsteady surface heating, which is frequent during the operation of protective construction structures.
Introduction
There are structures working under uneven heating which are used in construction, aviation and missile equipment as well as in a number of branches of mechanical engineering [1] [2] [3] [4] [5] [6] . To describe their work, it is necessary to perform an in-depth analysis of non-stationary processes, without which it is impossible to understand the effect of temperature and mechanical stress fields. Typically, the design structure is presented as an infinitely long plate or an infinitely long cylinder. In other cases the task is investigated on the basis of the solution of the thermoelasticity equation only, without regard to the deformation of the building [3.4] .
The task is greatly complicated when multi-layer finite dimension systems with a number of properties that qualitatively distinguish them from traditional structures are investigated [7] [8] [9] [10] [11] [12] [13] . In this case, the mathematical model of the initially boundary problem with account of the connection between movement and temperature, consists of a not self-adjoint system of differential equations of thermoelestic movement [14] . Their solution and fulfillment of boundary conditions is only possible for some elastic systems with some private docking options [14] [15] [16] . In addition, the paper aims to try using accurate and approximative methods of calculation in their combination [4] .
In this paper, in order to solve the non-stationary task of thermo-elasticity for a multilayer round rigid plate, the authors use methods of finite integral transformations (Hankel, Fourier, generic transformation) to obtain a closed solution in an unbound setting.
Materials and methods
Let a fixed rigid circular multi-layer plate in the cylindrical coordinate system occupies region z r , ,
. 
1, , 0
where ^`^* The first three inequalities (2) are the regularity conditions for the solution of a continuous plate, and the latter equality takes into account lack of heat exchange between the plate and rigid fixing environment. Equations (4) are the conditions of joint stress, displacement, and temperature.
Formulae (1) -(5) represent a mathematical statement for the theory of thermoelasticity boundary problem.
Here, equalities (1) present a not self-adjoint system of equations for which a common integral cannot be obtained. It is therefore necessary to consider the taske (1) to (5) in an unbounded setting. New closed solutions of non-stationary tasks of thermoelasticity and elasticity theory are built by consistently using the method of partial separation of variables as finite integral transformations. The authors in consecutive stages use Hankel's transformations with finite limits along the axial coordinate and a generalized final transformation (kip) along the radial variable At the same time, a standardization procedure is conducted at each stage of the solution, which allows to implement an appropriate conversion algorithm.
Results
The first step is to solve the equation of thermoelasticity (1) relative to the function ) , , ( t z r T with the corresponding initially boundary conditions:
0,1 r 0, , 
It is initially assumed that functions W U, are equal to zero. In this case we notice that the last condition (9) will not run.
Taking into account the theorems of solutions superposition and the linear nature of the original calculation ratios, we enter the new function ) , , ( t z r R associated with the function , , T r z t , as follows:
This view allows the functions to be deferred to a 2 1 ,Z Z series in the future if they do not change at the radial coordinate.
As a result of substitution (11) in (6) - (10) When resolving a task relative to transformant Н R , we use a generalized final integral transformation (kip) [18.19] is used along the radial variable: 
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Applying reciprocation formula (12) , (13) in consecutive stages to the transformant
, with account of (11), we obtain the expression for
The second step is to solve a tsk of the theory of elasticity with regard to function W U, based on a given (well-known) function T : 
1 2 1 To accomplish tasks (15) -(19), Hankel's finite integral transformations along the radial coordinate and the generalized transformation (kip) [18.19] are used on the axial variable. Firstly, formulae (15) -(19) are reduced to a standard form making it possibly to carry put a procedure of separation of variables along radial coordinate. For that purpose, Formula 12 is changed for that of absence of shearing stress: 2) The introduced algorithm also works for composite plates with an arbitrary number of layers and with different physical and elastic properties, which are placed symmetrical and asymmetrical in relation to the middle surface.
3) The temperature asymmetrical load, which is applied to the end surfaces of the structure as defined in general terms, allows the study of broad range of tasks of thermoelasticity.
4) The achieved ratio design makes it possible to determine not only the stress-strain behaviour of the system in question, but also the thickness of the layers and physical characteristics of the material necesary for the effective work of the construction.
5) The calculated ratios allow to determine the frequency spectrum of multi-layer structure own variations without regard of dissipative forces.
